A new approach to the measurement of polluting load in crude wastewaters is described. The Loadmon project has developed an optical technique which enables suspended solids and organic load of a crude wastewater to be measured in an open channel. There is no requirement for any sampling equipment or sensor contact of any kind. The paper covers the laboratory study of wastewater optical properties, the prototype development, testing in the laboratory and field trials. Future plans for product development are outlined.
Introduction
There has been a steady advance in the use of instrumentation in the Water and Environmental Monitoring sector over the last 30 years. The drivers for this expansion include increasing regulatory requirements (EC UWWTD, 1991; EC WFD, 2000) and the need to optimise and control processes more efficiently. The operation of wastewater treatment plants in particular is growing more like that of chemical plants with increased use of instrumental control and monitoring through the process. More efficient monitoring of the wastewater treatment process requires tools that can be used to measure at the inlet to the plant and further upstream within the sewer network. Monitoring tools at these points allow greater flexibility for feed forward control and real time control (RTC) (EC TVP, 2000) within the sewer network.
This then presents a problem and a challenge due to the aggressive and fouling nature of the samples from crude wastewaters. Conventional approaches such as wet chemical analysers or dip probes are beset by problems with ragging, fats and biological growth. System operators are faced with the choice of instruments with high maintenance costs and poor reliability or relying upon manual control and processes operating well away from their optimum. Both are costly and unsatisfactory. This paper describes the Loadmon R&D project which has developed non-contact methods to provide high reliability measurements in these applications. The idea for the project grew from the increasing use of optical surrogate measurements (Ruban, 1995) and the improving availability and power of non-contact optical systems (Bazzani et al., 1995) . The concept is to measure the flowing sample in an existing open channel with the measurement equipment mounted above the sample using optical sensors to gather information. A robust and reliable technique such as this not only has applications in sewer network RTC (TVP and wastewater plant inlets), but also effluent outfall and Combined Sewer Overflow (CSO) monitoring.
The Loadmon project was funded under the EC BRITE-EURAM III programme, with 8 partners from 7 countries and ran from September 1998 to February 2002. The principal project objective was the production of equipment for wastewater pollution measurement, specifically of organic load, flow and suspended solids. The project was structured to provide a laboratory study of the optical properties of crude wastewaters and the links with standard laboratory pollution measurements, modelling of the light scattering process in the sample and prototype development with laboratory and field testing. The prototype systems passed through 3 stages with the last stage providing for explosion protection. The project has investigated the explosion protection requirements for the sewer environment, in recognition of the importance of personal and public safety in our infrastructures.
Laboratory study
A laboratory study of the optical properties of crude sewage was carried out at Dublin City University (DCU) using 200 raw sewage samples from 13 different sites. The samples were analysed by standard laboratory methods for Suspended Solids, BOD and COD courtesy of Dublin City Corporation. Optical measurements of the following parameters were made: • fluorescence, • UV-vis absorbance, • scattering of 880 nm light, • turbidity, • mid infra-red reflectance, • near infra-red reflectance, • UV-vis reflectance.
This characterisation exercise is an important output from the project and adds significantly to knowledge in the area. Data from the characterisation of the samples were correlated with the results of laboratory analysis for pollution parameters of interest. The main findings from this work were: • the best technique for estimating the organic load of the wastewater was fluorescence (R 2 = 0.77, Figure 1 ), followed by the widely used absorbance at 254 nm (R 2 = 0.70); • near infrared scattered light at 35°correlated well with suspended solids (Figure 2) as did turbidity but both showed some non-linearity. Initial data analysis used simple regressions. However this type of data is well suited to chemometrics techniques and further analysis used a commercial chemometrics package (Unscrambler). Partial least squares regression was applied and yielded some small improvements in the correlation coefficient for organic load as COD (R 2 = 0.80) using absorbance data from several wavelengths. The package facilities were also valuable for homing in on the best fluorescence excitation and emission wavelengths.
Light scattering and absorbance are the main processes involved in the interaction of light with sewage and a computer model of the process was developed at DCU to assist in predicting and understanding the measurements. Following a review of the literature a Monte Carlo method was used for the model. It shows the way in which scattered light intensity varies with incident angle on the sample surface, and the angular distribution of the emerging scattered light.
Prototype development and testing
The laboratory investigation highlighted absorbance, fluorescence and scatter as being the optical measurements providing the most information about wastewater pollution. Direct non-contact measurement of absorbance is possible by reflectance, but this is inefficient and difficult with a flowing surface. The prototype systems were therefore based on scatter and fluorescence measurements. Scatter at a number of wavelengths was measured with the prototypes since this could give some information about relative absorbance across the spectrum.
The principle is illustrated in Figure 3 where the flowing sample is illuminated by specific wavelength light sources and the detector measures the scattered and fluorescent light from the sample. It may be appreciated that this optical arrangement will require some provision to be made for varying sample level in many applications, and this has been an important part of the prototype development and testing process. User specification requirements and market data indicated that many applications would need battery-powered systems, EX certification and a unit price below 10,000 Euros. This posed restrictions on light sources and power, and concern about whether such low power sources could generate enough scattered and fluorescent light for reliable measurement. For this reason the first systems operated at a range of 100-200 millimetres and used light emitting diodes (LEDs) as light sources. The later prototypes used more powerful diode lasers as light sources and were able to operate at ranges of up to 2 metres. The different ranges of operation correspond to some extent to different applications. In some applications it is possible to operate at quite a short range and the sample level changes over a correspondingly short range. However, for most sewer network applications it is necessary to have systems which will operate from at least 1 metre from the sample surface, and changes in sample level of at least 0.5 metres will need to be accommodated. The situation is summarised in Table 1 .
The short-range prototypes were tested on crude sewage samples collected by an autosampler from a sewage treatment works inlet and placed under the prototype in a sample vessel. Examples of the results are shown in Figures 4 and 5 .
It may be seen that quite good correlations were obtained and these were considered a major success as the project's first non-contact pollution measurements. The short-range scatter prototype was also tested on sewage final effluent on an activated sludge pilot plant over a 24-day period. The sensor was mounted over the secondary settlement tank and to simulate natural variations in effluent quality the plant flow and air supply were varied. The results ( Figure 6) show an impressive capability for tracking final effluent quality in this plant.
S.L. Russell et al. 82 The long-range system (Figure 7) . was then built to be used on the sewage treatment plants of the end users within the project consortium. This system used 2 diode lasers, laser 1 and laser 2, operating at different wavelengths. It has a rotating mirror which allows the light spots to be swept across the sample surface under computer control until they are below the detector unit. This system was installed on the influent channel of a sewage treatment plant operated by Aquafin near Antwerp.
Initial online results showed some momentary very high scatter and fluorescence values which were thought to be due to foam and floating reflective material such as rag and tissue. Median filtering was used to remove this effect. Trends of the median-processed scattered and fluorescence data are shown with laboratory analysis of grab sample suspended solids, COD and filtered COD. Referring to Figure 8 , the suspended solids measurements appear well correlated with the laser scatter signal. However, a large peak on 30/08 starting at 18:00 is not reflected in the Loadmon measurements. Possibly there were rather large particles of biodegradable matter in the sewage at this moment. While these give rise to high suspended solids measurements, the scatter they cause is negligible. This hypothesis is backed up by the observation that, while the COD and SS in these samples are high, the filtered COD has a normal value (Figure 9 ).
The fluorescence signal (Figure 9 ) tracks the COD variations including the observed peak in the COD values, although overall the correlation between the parameters is poor. It is known that the long-range prototype does not yet deal with ambient light reliably and this may be the cause of some of the excursions in the fluorescence data.
The system was next installed on the final effluent channel at a treatment works at Verziano in Italy operated by ASM Brescia. Useful data was obtained and this will be presented in a subsequent paper. However the system behaviour was noticeably different from the experience at Aquafin. This is because the control system, which keeps the laser spots below the detector, was unable to track the varying sample level for some of the time because of the clarity of the effluent. However with the laser spot in a fixed position just out of view of the detector good results were obtained. The situation was as shown in Figure 10 with the detector receiving scattered and fluorescent light from the light beam below the sample surface. This mode of operation is possible on treated wastewaters where the light beam is not attenuated strongly and surface disturbances can then be excluded.
Conclusions and future developments
In summary, the project has shown that non-contact measurement of wastewater suspended solids and organic load based on measurements of light scatter and fluorescence is a viable method and has been demonstrated in the laboratory. Experience with using the technique online in wastewater treatment plants shows some good periods of correspondence, but there are also some anomalies in the data which need further investigation. Prototype units have been built and tested on crude sewage and treated sewage. Good results have been obtained in both applications.
The project partners are now working together to develop the technique further and a patent application has been made. It is likely that the first product will be a short to medium range system intended for treated sewage monitoring. Products for sewer applications will follow.
Overall a novel approach to measuring key parameters of crude and treated wastewaters has been developed. It offers the prospect of meeting the needs of many applications such as sewer real time control and sewage treatment plant feed forward control for a robust and reliable sensor. Users can expect some real benefits in wastewater control and management.
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